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[57] ABSTRACT 
A monitoring device for monitoring the status of com 
munication units connected to a common transmission 
medium. The monitoring device sequentially addresses 
each communication unit and transmits to the addressed 
unit an inquiry frame which includes in addition to the 
destination address, a source address ?eld and a control 
information ?eld. The addressed communication unit, if 
operating responds with a reply frame including the 
destination address of the monitor, its address, and a 
status information ?eld. The received status information 
is compared with a previously received status informa 
tion from the addressed control unit, and a primary fault 
is indicated when the compared informations do not 
coincide. A secondary fault is indicated if no reply 
frame is received from an addressed communication 
unit within a predetermined time from the transmission 
of the inquiry frame. 

5 Claims, 9 Drawing Figures 

4 2 

l_i _ —' _ 

I’ ‘02 I01 [ TRANSCEIVER 5 ‘ 

‘lo/[l [[Au 
6 (I17 “9 J20 

' comm. ‘ 

i SECTlON ' PROCESSOR 
' (us 
i ‘IL/I06 M20‘ /115 . 
‘ 1m ‘05/ ‘ 

i smus AND I “W55 ADAPTER ' 
STORE ‘ i 90 109 I 

I \ 

i DlSPLAY 



Sheet 1 of 5 U.S. Patent Oct. 8, 1985 4,546,467 

|O\ \ 
MONlTOR \0\ 

H61 
4\ /2 

l \ l‘l 

\NTERFACE 2 INTERFACE 
UNlT UNlT 

/3 
‘04 INTERFACE 3 ‘03 

UNlT 

H62 F DESHNATIONADDRESS SOURCE ADDRESS CONTROL \NFORMATION FCS 

HG} F ossnumou ADDRESS souacs ADDRESS smus lNFORMATlON FCS 

A > 23 H64 \ 
.__. __ . . r . 

-'_ I02! \Ol 

TRANSCEWER s 

“0/ \H 

/s (H7 H9 J20 
csoENcTT?gh ) PROCESSOR 

(us 
/ \06 —/20\ /H6 

/\o7 I05, 

/a 10 
STATUAEWQQSDS ‘1 ADAPTER 

STORE 90 ‘09/ . 



U.S. Patent 0a. 8, 1985 Sheet2 0f5 4,546,467 

5 8m 55s: 555.“; 
m5 mow vow 

zowmwooi 



US. Patent Oct. 8, 1985 Sheet3of5 4,546,467 

wwwok : 

w: 8 

mm @ E 
= 



US. Patent Oct. 8, 1985 Sheet4of5 4,546,467 

\05 
' — 1 

1/0 M 70 

m 
BUFFER ' 

:1> REmsTER ‘ H6] 
75 . 

co L AND 
MUS CHANNEL 

L mRcuM 

CV)‘ 
_ _ 90\ 

CONTROL 9‘ 
UNlT 

92 1; M4; 4L 97 
PRlNT om COMMAND DISPLAY 0m 
MEMORY MEMORY MEMORY 

' 95 T 96 



US. Patent Oct. 8, 1985 SheetS 0f5 4,546,467 

|.|_|| 5 22 ||_| :5 L 2:: 

LI |||||||||||||||||||||||||||||||| I -IJ? 2 E 
_.| ||||||||||||||||||||||||||| {||._| |||||||||||||||||| ill]? 23: 

I]? 5 E 

_ ||||||| {Ll ||||||||||||||||||||||||||||||||| IIIJF 2:: -WHIHIM 1| m .1 H H II ||||||||||1|||1||| .Hlllwwwlhww mm. H.. 1| [1 || || IHHIHMU E @ 

IHH WMIHHU E 4 

o w w 1 

0. ~ m 4 Z: 



4,546,467 
1 

MONITOR FOR TRANSMISSION LINE 

The present invention relates to a data transmission 
system and, more particularly, to a transmission line 
monitoring device for a local computer network. 
The local computer (LC) network may be de?ned as 

a data communication system which employs a com 
mon transmission medium for the communication be 
tween a plurality of communication units which are 
operable independently of each other, a computer being 
connected to at least one of the communication units. 
Details of such a system are described in K. J. Thurber 
et al. “ARCHITECTURE CONSIDERATIONS 
FOR LOCAL COMPUTER NETWORKS”, PRO 
CESSINGS of the lst International Conference on 
DISTRIBUTED COMPUTING SYSTEMS, pp. 
131-142, Oct. 1979. 
Meanwhile, an LC network system equipped with a 

network monitor to locate hardware troubles or faults 
in either transmission lines or communication units is 
proposed in Charlie Bass et al. “Local Network Gives 
New Flexibility to Distributed Processing“, Electron 
ics, pp. 114-212, Sept. 25, 1980. 
However, the design of this system is not to detect a 

status change in a monitored unit but to display a fault 
itself in response to the fault detection. Therefore, if 
many faults are detected at one time, the network moni 
tor keeps displaying those faults. Some of those faults 
tend to be overlooked as a result. 

SUMMARY OF THE INVENTION 

It is one object of the present invention to provide a 
transmission line monitoring device for an LC network 
which overcomes the drawback stated above. 

In a network system wherein at least one data com 
munication unit and a transmission line monitoring de 
vice are interconnected by a common transmission line, 
the monitoring device of the present invention com 
prises: 
means for exchanging data with a speci?c data com 

munication unit via the common transmission line: 
means for receiving status information fed from the 

data communication unit; 
storage means for storing the status information fed 

from the data communication unit; 
comparator means for comparing the status informa 

tion of the data communication unit stored in the stor 
age means with new status information returned from 
the data communication unit; 

display means for displaying the new status informa 
tion in response to the result of comparison at the com 
parator means; and 

status information writing means for writing the new 
status information in the storage means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in detail with 
reference to the accompanying drawings in which: 
FIG. 1 is a diagram of a local computer network 

system to which the present invention is applicable; 
FIG. 2 is a diagram of an inquiry frame; 
FIG. 3 is a diagram of a replay frame; 
FIG. 4 is a block diagram showing one embodiment 

of the present invention; 
FIG. 5 is a block circuit diagram of the control sec 

tion of transmission line monitor according to the teach 
ings of the invention; 
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2 
FIG. 6 is a block circuit diagram of the processor of 

the transmission line monitor according to the teachings 
of the invention; 

FIG. 7 is a block circuit diagram of the adapter and 
display sections of the transmission line monitor accord 
ing to the teachings of the invention; 
FIG. 8 is a block diagram of the store 80 of the status 

and address store of the transmission line monitor ac 
cording to the teachings of the invention; 
FIG. 9 is a timing chart demonstrating operations of 

the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the drawings, the same reference numerals desig‘ 
nate the same structural elements. 

Referring to FIG. 1, a network system to which the 
present invention is applicable includes a transmission 
line monitor 1, loop interface units 2, 3 and 4 each being 
equipped with a computer or the like, and transmission 
lines 101, 102, 103 and 104 adapted to loop the monitor 
and interface units 1 to 4. 

In this system, the monitor 1 sends an inquiry frame 
to speci?c one of the interface units 2 to 4. 

Referring to FIG. 2, the inquiry frame comprises a 
destination address ?eld or section indicative of the 
address of the speci?c unit, a source address section 
indicative of the monitor which sends the frame, a con 
trol information section indicative of an instruction to 
the loop interface unit, an FCS section for error detec 
tion of the whole frame, and flag sections (F) which 
indicate the head and tail of the frame, respectively. The 
destination address and source address sections will be 
omitted for a system which includes only one loop 
interface unit. 
The loop interface unit having received the inquiry 

frame examines the destination address to determine 
that this frame is meant for its own unit. In response to 
the inquiry frame, the unit transmits a reply frame in 
cluding the status information section. 
As shown in FIG. 3, the reply frame comprises a 

destination address section indicative of the address of 
the monitor 1, a source address section indicative of the 
loop interface unit, a status information section indica 
tive of its own status, an FCS section for error detection 
of the whole frame, and flag sections (F) designating the 
head and tail of the frame, respectively. This reply 
frame is fed to the monitor 1 via the transmission lines. 
Such inquiry and reply sequentially occur from the loop 
interface unit 2 to the loop interface unit 4. As a certain 
interval expires after the series of operations described, 
another similar series of operations for inquiry and reply 
are performed. If the unit 2 is not in its ordinary state, it 
cannot send a reply frame back to the monitor 1. Thus, 
when a predetermined time has expired before the re 
ception of the reply frame after the transmission of the 
inquiry frame, the monitor 1 detects that a time out fault 
has occurred in the unit 2 and generates time out fault 
information. This information and the previous status 
information of the unit 2 are compared to each other in 
the monitor 1 and, if different, “time out fault” is dis— 
played in the monitor 1. 

Reference may be made to US. Pat. No. 4,293,948 for 
details of the lines 101 to 104 and interface units 2 to 4 
of the illustrated network system. 
While the data communication from each of the units 

2 to 4 to the monitor 1 may be effected in the same way 
as disclosed in US. Pat. No. 4,293,948, the method for 
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transmitting data between units 2 to 4 to the monitor 
does not, in and of itself, form a portion of this inven 
tion. Therefore, it will not be described herein. 

Referring to FIG. 4, the monitor 1 comprises a trans 
ceiver section 5, a monitor control section 6, a status 
and address storage section 8, a processor section 20, an 
adaptor section 70, a display section 90 and a bus 116. 
As shown in FIG. 5, the monitor control section 6 is 

made up of a decoder 601, a ?rst timer 602, a second 
timer 603, registers 604, 605 and 606, “0” detector cir 
cuits 607 and 608, a comparator 609, substractors 611 
and 612, ?ip-?ops 613 to 619, a selector 620, receivers 
621 and 622, a driver 623, AND gates 624 and 625, a 
NAND gate 626 and an inverter 627. 
The storage 8 comprises a storage circuit 80, receiv 

ers 81 and 82, a driver 83, an inverter 84 and a NAND 
gate 85. 

Referring to FIG. 6 , the processor 20 comprises a 
pulse generator 201, an address register 202, an address 
sequencer 203, a control store 204 for storing a plurality 
of microinstructions, a microinstruction register 205, 
decoders 206 and 207, a selector 208, a register group 
209 comprising ?rst to seventh general purpose regis 
ters (GPRs), an arithmetic and logical unit 210, a selec 
tor 211, a receiver 212, drivers 213 and 214, and an 
inverter 215. 

Reference will be made to FIGS. 1 to 9 for describing 
the operation of the transmission line monitor of the 
present invention. 

Initialization (see A in FIG. 9) 

First, the monitor 1 is initialized by setting initial 
values to the fourth and ?fth GPRs of the processor 20 
shown in FIG. 6 and by clearing the flip-flops 615, 617, 
618 and 619 shown in FIG. 5. At the same time, the ?rst 
timer 602 in FIG. 5 is loaded with an initial value. In 
response to the setting of the ?ip-?op 613, the timer 602 
is triggered. The initial value set in the timer 602 desig 
nates the interval between the sequential inquiries from 
the monitor 1 of FIG. 1 to the units 2, 3 and 4, and the 
next sequential inquiries to the same units 2, 3 and 4. As 
the time set by the timer 602 expires, logical “1” output 
of the “0” detector 607 is fed to the flip-flop 617 via the 
AND gate 624 thereby setting the flip-flop 617. 

Transmission of Inquiry Frame (see B in FIG. 9) ' 

Upon setting of the ?ip-?op 617, the transmission of 
inquiry frames from the monitor 1 to the units 2 to 4 
occur under the control of the processor 20. The initial 
value stored in the fourth GPR of the register group 209 
in FIG. 6 is stored in the third GPR adapted to desig 
nate addresses of the storage 80 shown in FIG. 5. Then, 
the destination address necessary for the frame arrange 
ment shown in FIG. 2 is read out of the location of the 
storage 80, which has been accessed based on the initial 
value stored on the third GPR. 
The destination address information is loaded in the 

second GPR of the register group 209 and then fed from 
the processor 20 to the register 606 via the buses 201, 
116 and 106 and receiver 622. Simultaneously, the ?xed 
source address and control information shown in FIG. 
2 are fed from the processor 20 to the register 606 via 
the busesv 201 and 116 and receiver 622. The register 606 
shown in FIG. 5 is of the ?rst-in-?rst-out (FIFO) type 
having a capability large enough to store 16 words at 
the maximum. 

In parallel with such storage operations, the initial 
value “MAXS” in the ?fth GPR is supplied to the third 
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4 
GPR of the register group 209. With the “MAXS” in 
the third GPR employed as an address, the storage 80 
(see FIGS. 5 and 8) is accessed to produce the status 
information (FIG. 8) of the unit 2 shown in FIG. 2. This 
status information is loaded in the register 604 via the 
second GPR. Thereafter, the content of the register 605 
shown in FIG. 5 is reset and the flip-flop 616 is set while 
the inquiry frame in the register 606 is transmitted. 

Reply Frame Check (a, c in FIG. 9) 
After the transmission of an inquiry frame, the second 

timer 603 is initialized and a reply frame responsive to 
the inquiry frame is checked. 

In FIG. 5, when the flip-?op 614 is set and the second 
timer 603 reaches “0”, the output signal of the “0” de 
tector 608 is fed to the ?ip-?op 618 via the AND gate 
625 thereby setting the flip-?op 618. 
The processor 20 sets an initial value in the second 

timer 603 while setting the flip-flop 614 to drive the 
second timer 603. In response to setting of the flip-flop 
614, the timer 603 is triggered. 
Then, the content of the flip-flop 614 is checked. If 

the reply frame responsive to the inquiry frame has not 
been returned to the monitor 1 yet, the flip-flop 615 will 
not have been set. When the reset status of the flip-flop 
615 has been detected, timer 603 is checked whether it 
has reached “0”. If the value of the timer 603 is not “0”, 
the content of the ?ip-?op 615 is checked once more. 
Thus, as long as the flip=flop 615 is reset and the value 
of the second timer 603 is not “0”, the check procedure 
mentioned in repeated. The flip-flop 615 is set in re 
sponse to the arrival of the reply frame shown in FIG. 
3 which corresponds to the inquiry frame shown in 
FIG. 2. This arrival in turn resets the ?ip-?op 614. If the 
unit 2 shown in FIG. 1 is normally operable, the con 
tents of the registers 604 and 605 will coincide with 
each other and therefore the flip-flop 619 will not be set. 
If the status of the unit 2 differs from the status obtained 
by the preceding inquiry, the contents of the registers 
604 and 605 will not coincide with each other. Accord 
ingly, the comparator 609 delivers a logical “1” signal 
to set the ?ip-?op 619. 

Primary Fault Information Storage (see D in FIG. 9) 

Thereafter, the content of the register 605 is loaded in 
the second GPR via the selector 620 and driver 623. 
Then, the content of the ?fth GPR is stored in the third 
GPR. The content of the third GPR is employed as an 
address to access the storage 80 of FIG. 5. The content 
of the second GPR, i.e., new status information indica= 
tive of the fault in the unit 2 (primary fault data) is 
stored in the designated location of the storage 80. 

Primary Fault Display (see E in FIG. 9) 

Referring to FIG. 7, the adapter section 70 comprises 
a bus input/output 71, a buffer register 72, a control and 
status circuit 73, a channel 74 and an internal bus 75. 

In parallel with the storage operation of the primary 
fault information, status information indicative of the 
primary fault is fed from the processor 20 to the display 
section 90 of FIG. 5 via the buses 201, 116 and 105, unit 
71, bus 75 and circuit 73 of the adapter 70 and bus 109. 
The display section 90 comprises a communication _ 

control unit 91, a print data storing memory 92, a com 
mand storing memory 93, a display data storing mem~ 
ory 94, a printer 95, a keyboard 96 and a display 97. 
The display section 90 receives at its unit 91 the status 

information which indicates the primary fault. The 
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information thereafter appears on the display 97 via the 
memory 94. 

Inquiry To Units 3 and 4 (see F in FIG. 9) 

In the situation discussed above, the flip-?ops 615 and 
616 shown in FIG. 5 are reset to access the next location 
of the storage 80 shown in FIG. 8, whereby an inquiry 
frame is transmitted to the next unit 3 of FIG. 1. The 
monitor 1 receives a reply frame corresponding to the 
inquiry frame and, then, checks the content of the reply 
frame. The same operation as described above is per 
formed on the other unit 4. 

Detection and Display of Secondary Fault (see G in 
FIG. 9) 

After the exchange of inquiry and reply frames be 
tween the monitor 1 and each of the units 2 to 4 and 
checking of the reply frames, the monitor 1 is initialized, 
inquiry frames are transmitted, and then reply frames 
corresponding to the inquiry frames are checked. 
Now, the display section 90 is displaying the primary 

fault status of the unit 2. The detection and display 
operations of a secondary fault which may arise during 
the display of the primary fault will be described in 
detail hereinafter. 
When a new fault (secondary fault) such as unit-down 

in the unit 2 occurs, the inquiry frame transmitted to the 
unit 2 is not responded by a reply frame. The ?ip-?op 
615, therefore, remains in the reset state. Thereafter, the 
value of the second timer 603 is checked to determine 
whether it is “0”, the reset state. When the reply frame 
is not supplied before the timer 603 runs out, the timer 
603 returns to “0” state as the preset time is reached, 
thus indicating the absence of the reply frame. Then, the 
flip-?op 618 is set and this situation is noti?ed to the 
processor 20. The ?ip-?op 618 in turn resets the flip 
flop 614. Subsequently, the content of the ?fth GPR is 
stored in the third GPR so that access is made to the 
storage 80 employing the content of the third GPR as 
an address. The content “0” of the second GPR is 
stored in the designated address of the storage 80. At 
the same time, the display section 90 provides visible 
indication of the secondary fault thereon. 

In summary, it will be seen that the present invention 
allows an operator to readily see any change in status of 
each loop interface unit and take an adequate measure 
against troubles by comparing the latest status achieved 
by an inquiry with the status just before the inquiry and 
displaying the latest status only when it differs from the 
past status. The display is provided not only at the in 
stant the trouble has occurred but at the instant it has 
been removed. Additionally, the monitor of the present 
invention responds to turn-on of a power source by 
displaying new turn-on of a power source associated 
with each loop interface unit. 
What is claimed is: 
1. In a network system wherein at least one data 

communication unit and a transmission line monitoring 
device are interconnected by a common transmission 
line, the monitoring device comprising: 
means for exchanging data with a speci?c data com 

munication unit via the common transmission line; 
means for receiving status information fed from said 

data communication unit; 
storage means for storing the status information fed 
from said data communication unit and connected 
to the receiving means 
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6 
comparator means for comparing said status informa 

tion of the data communication unit stored in the 
storage means with new status information re 
turned from the data communication unit; 

display means for displaying the new status informa 
tion in response to the result of comparison at the 
comparator means; and 

status information writing means for writing the new 
status information in the storage means in place of 
the previously stored status information after said 
new status information has been compared with the 
stored status information in said comparator means. 

2. In a local communication network including at 
least one communication unit connected to a transmis 
sion medium, a monitoring device comprising: 

processor means for composing an inquiry frame, said 
inquiry frame containing at least a destination ad 
dress ?eld identifying a particular one of said at 
least one communication unit, a source address 
?eld and a control information ?eld; 

means for transmitting the inquiry frame to said at 
least one communication unit; 

means for receiving a reply frame from the particular 
one of said at least one communication unit identi 
?ed by the inquiry frame, said reply frame contain 
ing at least a destination address ?eld, a source 
address ?eld and a status information ?eld contain 
ing information on the status of the particular com 
munication unit identi?ed by the inquiry frame; 

status information storage means for storing status 
information relative to the particular communica 
tion unit identi?ed by the inquiry frame; 

means for comparing the received status information 
with status information stored in said status infor 
mation storage means; 

means for displaying a fault condition when the re 
ceived status information does not coincide with 
the stored status information; and 

means for replacing the stored status information 
with the received status information in said status 
information storage means when said received sta 
tus information does not coincide with the stored 
status information. 

3. The monitoring device of claim 2 further includ 
ing; ?rst register means for storing status information 
received in a reply frame, and second register means for 
storing status information from said status information 
storage means, the contents of said ?rst and second 
register means being compared in said comparing 
means. 

4. The monitoring device of claim 3, further includ 
ing; reply frame reception timer means for de?ning an 
allowed time interval for transmission of one inquiry 
frame and one reply frame, means for detecting the 
absence of a reply frame within the time interval set by 
said reply frame reception timer means and for produc 
ing a fault detection signal in response to the transmis 
sion of an inquiry frame and the absence of a reply 
frame within said time interyal. 

5. The monitoring device of claim 2, wherein said 
communication network includes at least two commu 
nication units each designated by a unique destination 
address and connected to a common transmission me 
dium, said monitoring device further including means 
for periodically and sequentially interrogating each of 
said communication units with an inquiry frame, said 
interrogating means comprising interrogation timer 
means for designating the time interval between a se 
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quential interrogation of said communication units and Said Communication units’ and means for receiving a 
the next sequential interrogation of said communication 
units, processor means, responsive to the timing out of 
said interrogation means, for producing said inquiry umt- = 
frames, means for transmitting said inquiry frames to 5 * * * * * 

reply frame from each interrogated communication 
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